Fourteen patients with a healed myocardial infarction (no angina pectoris) had maximal oxygen intake (VO0 max) determinations and hemodynamic studies at submaximal and maximal exercise levels; seven patients were studied two months after an acute myocardial infarction (untrained group) while seven had followed a physical training program for 13.5 months (trained group). At the maximal exercise level, all patients exhibited a fall in stroke volume which was 15% (untrained group) and 18% (trained group) lower than at submaximal exercise level: this decrease in stroke volume, presumably resulting from myocardial ischemia, was the major factor limitin.g the V02 max of the patients. The maximal arteriovenous oxygen (A-V02) difference of untrained patients was the same (14.4 ml/100 ml) as for healthy subjects.
greater maximal A-V02 difference (16.5 vs 14.4 ml/100 ml); this suggests that long-term physical training increases peripheral extraction of oxygen by the working muscles.
Additional Indexing Words: Hemodynamic study
Stroke volume Maximal arteriovenous oxygen difference T HE HEMODYNAMIC FACTORS limiting the exercise capacity of coronary patients with exertional angina pectoris have been identified in the recent years;1 2 the low exercise capacity of these patients results from an imbalance between the myocardial oxygen supply and demand, and the oxygen consumption measured at the angina threshold should be designed as a symptom-limited maximal oxygen intake. 3' 4 Patients with a healed myocardial infarction and no angina pectoris also have a lower physical capacity and maximal oxygen intake (Vo2 max) than healthy controls, although their maximal heart rate is not always significantly lower. -7 Attempts to calculate the maximal cardiac output of such patients from measured maximal heart rate and from the stroke volume measured during submaximal heavy exercise7 led us to the unsatisfactory conclusion that they should have a low maximal arteriovenous oxygen (A-Vo2) difference;4 such calculations postulate however that patients with healed myocardial infarction can maintain constant values of stroke volume from submaximal up to maximal exercise level.
The present study was designed to determine the factors limiting the VO2 max of patients with healed myocardial infarction and involved hemodynamic measurements at submaximal and maximal exercise levels. Since physical training increases the VO2 max of these patients,7 a group of trained patients was also studied in order to determine, in a crosssectional way, the influence of physical training on the limiting factors.
Material Fourteen patients with a well-documented previous myocardial infarction were the subjects of the present study ( Abbreviations: V02 max = maximal oxygen intake; HR max maximal heart rate.
*Highest values measured during the bicycle ergometer test or the hemodynamic study. tA = abnormal; B = borderline; N = normal. tb = before training; a = after training.
Circulation, Volume XLVlII, November 1973 duced and placed in the mean pulmonary artery and the aortic root as previously described7; the pressures were measured with a Statham P23 Db transducer, the zero level being the fourth intercostal space in the sitting position. Only mean pulmonary arterial pressure will be reported here, due to the unsatisfactory quality of pressure tracings during exercise. During the hemodynamic study, the expiratory gases were collected and analyzed as for the Vo2 max determinations. Blood samples for lactic acid determinations were collected immediately after the end of the maximal exercise and during the first 3 min of the recovery; the lactic acid was measured with the Boehringer enzymatic method9 and only the highest value will be mentioned. All hemodynamic studies were performed in an airconditioned room with temperature of 220 (±1%) and relative humidity of 50% (±+10%).
The physical training program involved individually graded exercises for 45 minutes, 3 times a week7; the intensity of the exercise corresponded approximately to 70-80% of the V02 max.
Significances of differences between the two groups of patients were studied by the Student's t test. -. II b13 ci:.
Results
A-V02 difference is close to 16.5 ml/ 100 ml.10 The maximal heart rate and the maximal cardiac output of trained patients were slightly but not significantly greater.
The stroke volume at the maximal exercise level was always lower than the submaximal stroke volume ( figs. 1 and 2) ; this fall in stroke volume at the VO. max level was of the same magnitude in untrained (15 ml or 15%) and trained (21 ml or 18%) patients. Therefore, although heart rate increased, cardiac output rose unimportantly from the submaximal to the maximal exercise level, and the increase in Vo2 resulted mostly from a widening of the A-Vo2 difference.
The fall in stroke volume from submaximal to maximal exercise was attended by an increase in the mean pulmonary pressure (7 mm Hg for the untrained group and 9 mm Hg for the trained group); there was no apparent relationship between the degree of changes of these two parameters.
Discussion
In the present study we used an uninterrupted multistage test of maximal exercise to measure the physical capacity and we did not attempt to demonstrate the existence of a plateau in oxygen consumption as an evidence that V0, max had really been measured11; in normal subjects, the V02 max measured with such tests is the same or even greater than with tests using separate workloads of increasing severity.'2' 13 That the patients reached their true V02 max seems likely in view of the high values of respiratory quotient and lactic acid levels measured at nearly maximal exercise'4; also, the maximal heart rate of the patients was similar to the maximal heart rate recorded in healthy middle-aged males of same age. '5 17 At the VO2 max level, the stroke volume of normal subjects of both sexes, young or middle-aged, is the same or even greater than during submaximal exercise.1922 23 24 additional limitation results in some patients from a low stroke volume also during submaximal exercise. At the maximal exercise level, the A-V02 difference of untrained patients with healed myocardial infarction was the same (14.4 ml/100 ml) as in young or middle-aged healthy males18-21 suggesting that peripheral factors do not limit coronary patients more than normal subjects.
The trained patients have a higher VO2 max than the patients studied two months after an acute myocardial infarction. The comparisons between these two groups of patients should be analyzed critically since they may be different in ways other than physical conditioning. This seems unlikely however since the physical work capacity of the untrained patients did not differ significantly from the pretraining one for the trained patients; also the mean age as well as the clinical course during acute infarction were similar.
The higher VO2 max of the trained patients resulted mostly from a greater maximal A-V02 difference (16.5 ml/ 100 ml) while the maximal heart rate and maximal cardiac output were also somewhat greater. It is of interest to stress here that the maximal A-V02 difference of healthy sedentary males averages 14.4 ml/ 100 ml,18-21 and that it is not modified by an acute myocardial infarction as demonstrated by the values reported here in the untrained group. This greater maximal A-V02 difference observed after long-term physical training is in agreement with the data collected at submaximal exercise in previous longitudinal studies. 7' 25 These findings strongly suggest that the effects of physical training in coronary patients largely depend on peripheral mechanisms, namely an increased extraction of oxygen by the working muscles and a greater redistribution of the maximal cardiac output:26 30 quantitatively, the contribution of this second mechanism appears much less important. 30 An increased maximal A-V02 difference has also been observed after physical training of young sedentary subjects'120 but not after physical conditioning of middle-aged sedentary subjects21; currently there is no satisfactory explanation for these peculiar differences.
The maximal stroke volume of the patients who had trained during 13.5 months was not different from that one of untrained patients. This finding however does not allow definite conclusions about the effects of long-term physical training on the maximal stroke volume since the present comparison is cross-sectional and not longitudinal. Other studies suggest however that the increase in submaximal stroke volume often noted when physical training begins soon after the acute infarction21-33 is not specific since it is also encountered in untrained control patients.34 :3 The fall in stroke volume, and presumably the transient myocardial ischemia at maximal exercise, is not modified by physical conditioning; this is in agreement with the effects of physical training on the exertional ST-segment depression.3 As for untrained patients, this fall in stroke volume at the maximal exercise level appears as the major factor limiting the V02 max of the trained patients.
In conclusion, the V(, max of patients with healed myocardial infarction is limited mostly by a decrease of the stroke volume at the maximal exercise level, and this abnormality persists after physical conditioning. The maximal A-Vo2 difference of untrained patients is similar to that of healthy subjects. In trained patients maximal A-V02 difference is greater and results in a V02 max that is higher than in untrained patients.
